Breast cancer is one of the most important causes of death among women. Breast cancer can be treated effectively only if it is detected at the early stages. Thermography plays a vital role in early detection of breast cancer.
Introduction
Thermography dates back to the 1800s; the first 'heat picture" was produced in 1840 by Sir John Herschel.
In the early 1900s, infrared research was classified by the military and unavailable for medical application. It was not until 1956 that technical information on thermography was declassified, and in 1961 the first images were used in medical research to confirm that skin temperatures were elevated on the surface of the breast over a cancer Thermography is a non-invasive and non-radiating analysis tool for analyzing physiological functions related to the control of skin-temperature. This rapidly developing technology is used to detect and locate thermal abnormalities characterized by an increase or decrease found at the skin surface. The technique involves the detection of infrared radiation that can be directly correlated with the temperature distribution of a defined body region. It is an imaging method which can diagnose cancer and other pathologies by analysis of tissue surface temperature as was obtained by an IR camera. Most of the researches and the clinical applications of thermography are associated with early detection of breast cancer.
This use was first suggested as early as 1956 and is based on the fact that malignant tumors produce a local increase at the skin surface as a result of an increased angiogenesis, increased perfusion and increased metabolism in and around an embedded malignant tumor. Accordingly, thermography is considered today as a complimentary screening tool rather than a first line screening modality. According to the American Cancer Society, "Thermography has been around for many years, and some scientists are still trying to improve the technology to use it in breast imaging. But no study has ever shown that it is an effective screening tool for finding breast cancer early. In addition to breast cancer diagnosis, thermography was also suggested as a diagnostic tool for various other disorders, including: colon cancer, occlusive vascular disorders, neural disorders and ophthalmology.
Theory
Breast cancer is the most commonly diagnosed cancer in female subjects accounting for about 30% Blood vessels, produced by cancerous tumors are simple endothelial tubes devoid of a muscular layer. Such blood vessels fail to constrict in response to sympathetic stimulus like a sudden cold stress and show a hyperthermic pattern due to vasodilatation. Deng and Liu showed that, induced evaporation enhances thermographic contrast in case of tumors underneath the skin. They used water and 75% medical ethanol solution as evaporant, which was sprayed over the skin surface and then images were acquired. Their study shows an improved diagnostic accuracy especially in the early stages of deeply embedded tumors. It has been confirmed that abnormal patterns in the infrared images are the highest risk indicators of breast cancer development in future. Gamagami studied angiogenesis by thermography and reported that in 15% cases thermography could detect cancers which were not discernible by mammography. He had also shown that, hypervascularity and hyperthermia were visible in 86% cases of non-palpable breast cancers. The growth rate related prognostic indicators are strongly associated with the thermograms. Thermovascular activities in breast are directly related to prognosis and aggressiveness of the tumor. It has been reported that, hot cancers (most active cancer cells) show a poorer prognosis with 24% survival rate in 3 years, whereas for cooler cancers prognosis is much better with 80% survival rate. Apart from Thermography many other techniques are available for breast imaging, like mammography, MRI, CT, ultrasound, etc. Mammography is the most popular technique, but suffers from a few inherent problems, like exposure to X-ray radiation, relatively higher cost, problem in detecting tumors of smaller sizes and low sensitivity for firm breasts of younger women.
Thermography does not suffer from such problems and hence, it is a novel tool for investigation of breast cancer.
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Thermography is an effective alternative diagnosis tool, especially in female subjects with dense breast parenchyma.
The IR images of the tumor and the surrounding normal cortex regions show that, the former is at a higher temperature compared to the later.
Materials and Methods

Thermal camera
The thermal camera that was used to capture the human breast was the FLIR ThermoCam TM T400 (figure 1).
The camera detector array is a focal plane array (FPA) uncooled micro bolometer at the size of 320x240 pixels. The camera is working at the spectral range of 7.5 to 13μm. The camera is capable of measuring temperature between -20 ᵒ C and +120 ᵒ C with thermal sensitivity of 50mK, thermal accuracy of ±2% and frame rate of 60 frames per second.
Figure 1. Thermal camera
Proposed Method
In this research, we used five techniques, which come under the task of image processing which are as follows 1. Image Acquisition.
2. Image segmentation.
3. Image Pre-Processing.
4. Feature Extraction.
5. Image Classification.
Image Acquisition
Image Acquisition is the process of retrieving an image from sources such as camera, computers etc. In case of medical image processing the source of image is from digital computer for Mammography and thermography.
This is the first step in image processing. The camera that was used to capture the human breast was the FLIR ThermoCam TM T400.Breast thermograms of a 24 normal, 23 benign and 23 malignant patients are taken for the analysis.
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Inverse Difference Moment:
It is influenced by the homogeneity of the image. Because of the weighting factor 1/1+ (i-j) 2 IDM will get small contributions from in homogeneous areas. The result is a low IDM value for inhomogeneous images, and a relatively higher value for homogeneous images.
IDM = (4)
5. Correlation-It is a measure of gray level linear dependence between the pixels at the specified positions relative to each other.
Classification -Machine learning
Machine learning is a multidisciplinary field of study that mainly concerned with the design of algorithms which allow computers to learn. The term "Machine Learning" comes from the artificial intelligence community but now a day it mainly the focusing area for many branches of engineering and science. Learning mainly refers to learning from data or feature set. There are different learning methods for statistical data analysis. In this study, thermograms are first classified as Normal and Abnormal and further classifying abnormal as benign or malignant. K-NN and SVM are used to classify the images
Results and Discussion
In this work, the camera that was used to capture the human breast was the FLIR ThermoCam 
Figure 4: Segmented Right and Left Breast for the input images
Next step involved in proposed method is to convert the thermal image (RGB image) into gray scale image. This is process is done because Gray scale image has the ability of providing more detailed information about the features present in an image than the RGB image. shown promising results in this work with accuracy of 95.71%, sensitivity of 100%, specificity of 88.5%, positive predictive value 93.62% and negative predictive value of 100%. Being a non-contact, pain free, radiation free procedure it received a good patient response and high accept ability. From this study, it is concluded that Medical Thermography is well suited as a screening tool and its use in combination with other laboratory and outcome assessment tools, can lead to significant improvement in the management of breast cancer in India. This can be used to improve the current scenario in India where because of late diagnosis considerable amount of patients suffering from breast cancer suffer death. Moreover it can lead to easy and acceptable screening in rural areas also where mammography and biopsy studies are still a distant dream. Breast cancer is a highly treatable disease, with 97% chance of survival if discovered early. Hence by screening the human breast using thermography will increase the survival rate of the patients affected by breast cancer in India.
